The aim of the study was to determine the species composition of fungi occurring on wall surfaces and in the air in school buildings. Fungi isolated from the air using the sedimentation method and from the walls using the surface swab technique constituted the study material. Types of finish materials on wall surfaces were identified and used in the analysis. Samples were collected in selected areas in two schools: classrooms, corridors, men's toilets and women's toilets, cloakrooms, sports changing rooms and shower. Examinations were conducted in May 2005 after the heating season was over. Fungi were incubated on Czapek-Dox medium at three parallel temperatures: 25, 37 and 40°C, for at least three weeks.
INTRODUCTION
Schools belong to a specific category of public buildings were factors that increase the expansion of fungi belonging to different systematic and ecological groups accumulate. The technical condition of a school building which results from the construction technology, finish materials and its use significantly influences the occurrence of conditions favourable for a temporary or permanent occurrence of fungi (B o g a c k a 1997). School occupants constitute further sources or transmission vectors of fungi ACTA MYCOLOGICA Vol. 42 (2): 245-254 2007
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into and within a school building. The present author's previous studies show that fungi are isolated in over 1/3 of school children (E j d y s 2003).
The bioaerosol in school buildings also consists of secondary metabolites produced by the mycobiota occurring in building partitions. Possible toxins penetrating the bodies of the children and school employees may cause various toxicoses (B u d a k 1998). On the other hand, antibiotics produced in low concentrations may induce resistance of the bacterial flora of school occupants (M a r k i e w i c z , K w i a t k o w s k i 2001). As literature data on the diversity range of fungi in schools are greatly divergent (L e v e t i n at al. 1995; M e k l i n at al. 2002; D a c a r r o et al. 2003) , the species composition of fungi occurring on wall surfaces and in the air in school buildings was analysed.
MATERIAL AND METHODS
Fungi isolated from the air using the sedimentation method and from the walls using the surface swab technique were the study material. Types of finish materials on wall surfaces were identified and used in the analysis. Surfaces finished with acrylic or emulsion paint were defined as rough while the walls covered with gloss paint or tiled were defined as smooth. Macroscopic changes indicating the development of the mycelium were not found on the walls. Samples were collected in selected areas in two schools: classrooms, corridors, men's toilets and women's toilets, cloakrooms, sports changing rooms and shower (only school I). A total of 312 samples were collected in 13 enclosed spaces within the school buildings. Studies were conducted in May 2005 after the heating season was over. Indoor temperature and air humidity were measured during sampling.
Fungi were incubated on Czapek-Dox medium at three parallel temperatures: 25, 37 and 40°C, for at least three weeks.
Cultured colonies of moulds were described macroscopically. Slides stained with cotton blue in lactophenol according to G e r l a c h (1972) were made to identify microscopic features. Biochemical properties were assessed using methods commonly accepted in mycological laboratories.
The obtained isolates of yeast-like fungi and yeasts were incubated on Sabouraud medium without antibiotics. Media containing antibiotics that could affect typical fungal features were not used (D y n o w s k a 1991/1992). The isolates were incubated at 37°C for 48 hours. After fungal growth was obtained, the material was passed twice or three times onto fresh Sabouraud medium to eliminate bacteria which relatively often accompanied fungi in the first culture.
After pure bacteria-free strains were obtained, microcultures on Nickerson agar were established. Fungi were inoculated on glass slides, covered with a thin layer of the medium (ca. 2 mm), and 2-3 drops of broth and serum in a ration of 1:1 were added onto the inoculation site. Microcultures were incubated at 37°C for 48 up to 72 hours.
Macroscopic features (size, colour, shape, texture, smell of the colony) and microscopic features (shape and size of budding cells, blastospores and chlamydospores, the diameter of pseudohyphae and hyphae) as well as biochemical features obtained on bio-Mérieux API-tests (API 20C, API 20C AUX) were used for identification. CHROMagar (bio-Mérieux) was used to differentiate individual species of the genus Candida. It was treated as an auxiliary test as it does not yield accurate results in mixed-species isolations (B o u c h a r a et al. 1996). Photographic documentation was made throughout the process.
Yeast-like fungi and yeasts were determined using the following keys: K r e g e rv a n R i j (1984); B a r n e t t , Pa y n and Ya r r o w (1990), and a study by -Ku r n at o w s k a (1995) . Fungi of the genera Aspergillus and Penicillium were identified up to the level of species using the following keys: R a p e r and Fe n n e l l (1965) and R a p e r , T h o m and Fe n n e l l (1945) . Other species were determined using the atlas of clinical fungi (d e H o o g et al. 2000) .
RESULTS
A total of 379 fungal isolates were obtained from 312 samples. 213 isolates were recorded in 7 study areas in school I and 166 isolates in school II. 32 genera of moulds, yeasts and yeast-like fungi were identified in the study material. Fungi of the genera Aspergillus, Penicillium and Cladosporium were isolated most frequently. Fungi belonging to 27 and 21 genera were recorded in school I and II, respectively; 16 genera occurred in the study areas in both buildings while the others were isolated only from one school and were usually sporadic isolates. 9 fungi of the genus Chaetomium and 4 of the genus Hormographiella were exceptionally recorded in school I (Fig. 1) . Of the 72 fungal species identified in the samples, 33 species were isolated at least twice. A group of predominant species with a similar occurrence frequency can be distinguished. These are: Cladosporium herbarum (43 isolates-11.3%), Aspergillus fumigatus (39-10.3%) and P. chrysogenum (37-9.8%) as well as P. citrinum (32-8.4%) (Tab. 1). P. chrysogenum (13.1%), P. citrinum (11.7%) and Cl. herbarum (10.3%) were isolated most frequently in school I. A. fumigatus occurred almost twice less frequently (6.6%). It was, however, one of the species predominant in the mycobiota in school II, and its frequency of occurrence was 15.1%. Cl. herbarum, whose prevalence was 12.7%, was the second dominant. P. chrysogenum and P. citrinum, on the other hand, occurred with the frequency lower than 4.5%. The differences in the species range in both buildings could also be noticed in the greater number of species belonging to the genus Aspergillus recorded in building I (18) than in building II (6). 235 fungal isolates were obtained from the swabs and 144 isolates were obtained using the sedimentation method. 26 and 22 genera were recorded on wall surfaces and in the air, respectively; 16 genera were isolated in both sample types (Fig. 2) . Only 6 genera were characteristic of the air. These were: Bipolaris, Bjerkandera, Chrysosporium, Corynespora, Madurella and Phoma. Fungi of the genera Penicillium (32 isolates), Cladosporium (26) and Aspergillus (22) were recorded most frequently in this medium. The same genera also dominated on wall surfaces although their stratification was slightly different. The genus Aspergillus unquestionably dominated (75 isolates). Yeast-like fungi, mostly of the genera Candida, Rhodotorula and Geotrichum, were frequently recorded in both sample types: 11.3%. Significantly greater differences were recorded in the species range in the wall samples and the air samples. Twice as many species (65) were identified on the walls as in the air (32). However, the structure of the domination in both sample types was the same. 23 species common for both the walls and the air were recorded. Of the 32 species that occurred only on the surfaces in the school buildings, 16 species represented the genus Aspergillus. Only one isolate of the genus Candida, C. datilla, was determined from the air. The prevalence of yeast-like fungi in the air did not differ significantly from that on the wall surfaces and was 10.4% and 11.9%, respectively. Fungi of the order Mucorales which occurred sporadically in the school buildings did not occur in the air at all.
A slightly smaller number of isolates was recorded on smooth walls (106) than on rough walls (129). Rough surfaces were characterised by a slightly greater species range (43 species) and a greater number of fungi belonging to the genus Aspergillus (15) than smooth walls (39 and 12 species, respectively). These differences were accompanied by an increased number of isolates of fungi of this genus: 45 on rough walls and 30 on smooth walls. The fungus Emericella quadrilineata was identified on the smooth wall in the sports shower, and its asexual stage, Aspergillus quadrilineatus, on the rough surface. However, a greater number of Cladosporium species were recorded on smooth surfaces. Apart from Cl. herbarum, Cl. cladosporoides, Cl. oxysporum and Cl. sphaerospermum also occurred. Significant differences in the species range and prevalence of fungi belonging to the genus Penicillium on both surfaces studied were not recorded. Humidity ranged between 43 and 49% in school I and between 48 and 52% in school II. These values correspond to the PN-ISO 8756: 2000 standard on the air quality. The temperature was quite low in school II and ranged from 17.0 to 18.6 C°. It was warmer in school I, where the temperature ranged from 19.8 to 23.5 C°.
DISCUSSION
The composition of indoor mycobiota may differ significantly due to the nature and physicochemical properties of specific indoor environments, their use and the number of occupants, also not excluding the time of exposure to fungi. Results of most mycological analyses show that so-called indoor fungi of the genera Aspergillus and Penicillium as well outdoor fungi, or "field fungi", such as Alternaria or Cladosporium, are recorded most frequently inside buildings (L e v e t i n at al. 1995; G u t a r o w s k a et al. 2004). In his analysis of the species range of indoor air in 19 groups of building facilities used for different purposes, Z y s k a (2001) demonstrated 14 recurring species of the 227 identified fungi. In the present study, the occurrence of 7 species was confirmed: Alternaria alternata, Aspergillus flavus, A. fumigatus, A.niger, A.versicolor , Cladosporium herbarum, Penicillium chrysogenum. They include species dominant in the school buildings studied.
The range of fungal species that characterises indoor environment constitutes contamination of the pool of indoor fungi and species diffused with the air from outdoor environment (B o g a c k a 1997). It is best visible in spring when after a long heating season increased ventilation begins without the need to prevent heat losses. Indoor temperature similar to that outdoors may also cause temporary enrichment of the mycobiota in buildings although there are usually fewer spores in the air in spring than in summer or autumn (S h e l t o n et al. 2002; To p b a s et al. 2006). Thus, the great number of species isolated in the present study may indicate temporary contamination of the buildings by fungi from outside while those isolated only in the air may indicate incoming species. The greater taxonomic differentiation of the mycobiota in school I may result from its location in a park, with many trees and shrubs, some fountains, incorrectly performed drainage and, consequently, prolonged stagnation of rain waters. The latter may be of great importance in the context of the increase in air humidity which is one of the basic factors limiting the occurrence of moulds.
The age of the buildings is also an important factor encouraging contamination by fungi. Both schools are less than 30 years old and were constructed with prefabricated concrete. This should also be seen as one of the reasons for the high prevalence of fungi belonging to the genus Cladosporium which readily colonise cement surfaces (E z e o n u et al. 1994 ; Tr e a u , Fe r n a n d e s -C a l d a s 1994). Apart from the genus Cladosporium, fungi of the genera Penicillium, Aspergillus and Alternaria are often recorded in residential buildings (G u t a r o w s k i et al. 2004). The latter was rarely recorded in the present study. This may be related to the fact that spores of this fungus are isolated from the atmospheric air, and its occurrence indoors is connected with inappropriately used mineral wool in building insulation (E z e o n u et al. 1994), the insulation method used in the schools studied.
Features that allow fungi to adhere quickly to the substrate or to occur in aerosols determine colonisation of indoor air or the retention of fungi in the air. This explains the significant species difference between the walls and the air reported in the literature (G u t a r o w s k a et al. 2004 ) and observed in the present study. The discrepancy is related more to the formation of the surface of the spores than to their size. According to K r z y s z t o f i k (1992), particles whose diameter ranges between 3 and 10 microns may remain in the air for long periods of time, even at very low upward air currents. The occurrence of large and smooth ascospores of Emericella quadrilineata on a smooth surface and only slightly smaller and rough conidia of its anamorph on a rough surface confirms these adaptations.
A relatively permanent occurrence frequency of yeast-like fungi accompanied the great differences in the prevalence of moulds in the wall samples and in the air samples. It seems that while species predominant in indoor environment are mostly correlated with the properties of the building itself, the presence of yeasts and yeastlike fungi is correlated more with living organisms occupying it. This is shown by a great species correspondence of fungi isolated across the four seasons of the year from buildings and their occupants, recorded by M a c u r a and G n i The presence of yeast-like fungi is also affected by indoor humidity. Their occurrence is reported in the second place after that of the genus Penicillium in damp schools. Additionally, indicator fungi of water-damaged buildings were isolated in such places: Stachybotrys, Trichoderma and A.versicolor (M e k l i n at al. 2002). This tendency was confirmed in the present study. Only 10% prevalence of yeast-like fungi and 3% prevalence of A.versicolor were recorded at low air humidity in the schools.
The richness of indoor mycobiota also results from the parallel sample incubation at different temperatures. It was accepted that while the temperature range of fungi is very broad it consists of narrow ranges of individual species. Aspergillus fumigatus, a thermophilous fungus, with slow initial growth, may be an example. Although it can grow at room temperature, it may lose competition with other, more rapid-growing species characteristic of this temperature. The results of the present author's studies clearly show this. The domination of the genus Aspergillus similar to that observed in the school buildings was recorded in a significantly warmer climate in student halls in Egypt ( M a g h a z y , S h a a b a n , E l -K a t a t n y 1 9 9 6 ) ; it was, however, isolated rarely (K r a w c z y k , K o w a l s k i , O c h ę c k a -S z y m a ń s k a 1999) or was not isolated at all (G u t a r o w s k a at al. 2004) in flats in Poland, which is another argument in favour of the expansion of the range of incubation temperatures to achieve greater knowledge of the mycobiota of various buildings. CONCLUSIONS 1. A total of 379 fungal isolates belonging to 32 genera of moulds, yeasts and yeast-like fungi were obtained in the school environment. The following genera dominated: Aspergillus, Penicillium and Cladosporium.
2. Of the 72 fungal species determined, Cladosporium herbarum, Aspergillus fumigatus and Penicillium chrysogenum occurred most frequently in the school buildings.
3. Wall surfaces were characterised by an increased prevalence of mycobiota in comparison with the air in these buildings, with only slightly greater species diversity.
4. A certain species specificity for rough and smooth wall surfaces was shown. Fungi with large spores of the genera Cladosporium and Emericella adhered better to smooth surfaces while fungi with smaller conidia of the genus Aspergillus -to rough surfaces.
5. The application of three incubation temperatures helped determine a fuller range of fungi colonising the school buildings.
